Gladiolus is a traditional ornamental crop in Brazil, specially the cut flower for the internal market, and, more recently, the corm as a product for export 
INTRODUCTION
Gladiolus is a very popular flower all over the world because of its attractive forms and colors. They are suitable for gardens, as an ornamental plant, and mainly successful as a cut flower. Production of corms for these uses is a business in itself.
The cultivation expansion around the world is due to its characteristics of ease of growing the plant, easy corm multiplication, low investments in the cultivation and fast return of the monetary investment. The gladiolus is produced in Australia, United States, Canada, Italy, France, Holland, Poland, South Africa, England and Japan, among others. Nowadays, Holland is the most important grower (De Hertogh & Le Nard, 1993) .
The gladiolus cultivation in Brazil started in the year`s 1950's, when the farmers from the Cooperativa Agrícola Holambra (a Dutch colony) invested in large commercial production.
In 1989, the gladiolus crop was very well developed in the State of São Paulo: 1 st place in the national consumption, 3 rd place among the cultivated flowers and 4 th place in the export (Haag et al., 1989) . Nowadays, gladiolus as a cut flower is partially substituted by other bulbous flowers like lilies and callas. The production tends to expand to the high lands with low temperatures, mainly in the State o f Minas Gerais. There is an area of about 100 ha of open fields planted of gladiolus in the States of São Paulo and Minas Gerais, mainly for bulb production. Klaas Schoenmaker and Filhos is the only enterprise which produces commercial corms in Brazil.
The major concentration of growing areas is still located on the properties of the associates of the Cooperativa Agrícola Holambra. The corms are exported to Holland or sold to the growers of cut flowers mainly in the State of São Paulo, in the towns surrounding São Paulo city. The major part of the trade is made in São Paulo and Rio de 220 Janeiro.
In the CEAGESP 2 -General Market and Storage Company of the State of São Paulo, in the year 1999, the price of the 4,5 Kg bunch of cut flowers (about 2 dozens of stems) got the average of R$ 16,00 (about U$ 9.00). During this year, the market data show a high oscillation of the amount of product offered for trading. This variation goes from 4 thousand bunches in February/99 to 14 thousand bunches in September of the same year. The peaks of production are observed during the spring months, mainly between September and November. During the period 1993-1995, before the creation of the CEASA -Company of Market and Storage S.A -in Campinas, the product offer in São Paulo went up to 27 thousand bunches/month.
The data of the CEASA-Campinas 3 show a large increase in the sales during the month of October, because of the Day of Remembrance for the Dead. In the biennia 98/99, there was a decrease of the total offer by around 20%, only 16.932 bunches in 1999, against 20.675 in 1998. In Holland, the Hobaho VDS market index 4 showed the very variable behavior of the gladiolus corms in recent years. In 1997, the season trading was stable, while in 1998 this index indicated very high sales level, but in 1999 a big drop was recorded.
TAXONOMY
Gladiolus belongs to the Iridaceae family and genus Gladiolus Tourm. The name of the genus has origin in the Latin "gladious", diminutive of "gladius" which means spade, due to the laminated form of its leaves. This genus is represented by about 250 to 300 species, the major native plants are from tropical and Southern Africa; only about 20 species are originated from others areas. South Africa, and particularly the Cape Province, is considered the center of diversity of the genus. Two species are found in Madagascar and fifteen in the Mediterranean area (England and Turkey) (Delpierre & Du Plessis, 1974; Lewis et al,.1972; Ohri & Khoshoo, 1985a; Bailey & Bailey, 1976) .
The species of the Cape region are primarily diploids (2n=30), while the European species are poliploids (2n=60-130), which substantiates the Southern origin of the genus.
The genus Gladiolus is very rich in species and types of high agronomic and ornamental value. They differ in the form of the flower, color, season of flowering and resistance to infirmities (Corrêa, 1974) .
In 1874, Max Leichtlin obtained the first gladiolus hybrid from the cross of Gladiolus gandavensis Van Houtte with G. saundersii Hook. The modern hybrids are designated as G. X grandiflorus, which is a complex of about 11 species, among them: Gladiolus carneus, Gladiolus dalenii, Gladiolus oppositiflorus, Gladiolus gandavensis, Gladiolus primulinus, Gladiolus papilio and Gladiolus saundersii. Nowadays the cultivars have a large diversity of colors, sizes, textures, numbers and types of flowers and particularities of forms of the inflorescence (Anderson & Park, 1989; Bush, 1972; Ohri& Khoshoo, 1985b) .
Gladiolus is a herbaceous plant which develops axillary buds on a tunicate corm. The leaves, up to 12 in number, come from the corm basis. The inflorescence is a spike with up to 30 flowers placed on a terminal axis. The individual flowers are placed in between two green bracts. The pistil consists of a tri-lobulated stigma, a style, and an inferior ovary. The capsule has 50-100 ovules, which mature about thirty days after fertilization.
The corm is an underground rounded stem expanded in the basis involving 4 -6 leaves similar to strong and dry scales. The corm is formed by a conic axis with one or more buds. Depending on the size of the corm, generally each bud is the origin of a plant and, consequently, a flowering stem (Souza, 1989) . Corms are surrounded by cataphylls, and accumulate reserves and at the base they have fasciculated roots. The corm also has succulents scales covered by one or two dried leaf basis, similar to a tunica. These scales are formed during the growing period of the previous year and involve the plate completely.
The inflorescence is a simple raceme type; the spikes are normally erect, rarely ramified. The flowers are disposed two by two in the inflorescence forming two large rows of 5 to 12 flowers each, sometimes till 30 flowers, and they are long lasting. Each flower originates in a sessile spathe similar to a calyx.
The flowers have bilateral or radial symmetry, they can be of rounded, triangular, recurved, or even similar to an orchid. The petals can be plain, undulated, lascinated, recurved or pointed.
The flowers vary from miniatures, of approximately 2 cm. of diameter, to giants of 18 cm., disposed in compact spikes or widely spaced. The stem can grow to two meters high.
The fruit formed is a dried trivalvar capsule, which is formed from the fecundated ovary. The seeds are small, flat or globulous and winged.
CULTIVARS
The number of cultivars of gladiolus grows each year. The North American Council of Gladiolus, in 1990, published a list with 2300 cultivars. The Hobaho Bulb Auction, in Holland, also elaborated a list with 689 cultivars in 1989 and the CNB Bulb Auction also published a list with a number of gladiolus cultivars that grows every year.
The hybrids, nowadays, offer to the costumers a large possibility of choice in relation to the types, colors, forms and prices each time more accessible. To the growers they offer more facilities to grow due to their agronomic characteristics in example: higher vigor, higher resistance to the diseases, long lasting, among others.
The An important characteristic of these cultivars is that they are less susceptible to the day length and are more resistant to the low temperature than many other cultivars and they produce long spikes with at least sixteen flowers. Some can be more adapted to the winter production, while others adapt well to the summer climate.
The cultivars also are classified by the period of time from planting to flowering, into types of short, semi-short and long duration. It is considered of short duration the cultivar that is ready to harvest, in general, with only 60 days from the planting date. This period varies according to the temperature and light intensity. In the commercial modern hybrids the difference between short and long duration is only 20 days. In the old times, the so called late hybrids used to take 150 days to flower.
PHYTOSANITARY ASPECTS
Losses and damages caused by fungus, virus and others pathogens are the primary problems founded in the production of corms and flowers of gladiolus, which can be solved by the selection of resistant or more tolerant plants. Among the fungi, Uromyces transversalis, which causes leaf rust, is the main pathogen in Brazil. The rust is known in South Africa since 1876 . In Europe, this disease appeared in the beginning of the 1970's. It is a pathogen of high gravity, because the sick plants produce flowers of low quality and the corms produced are unable to reach m aturity, compromising the future of cultivation. When the attack is early, before the 3 rd leave expansion, there is no flowering. The efficiency of chemical fungicides for the control of this pathogen has shown unsatisfactory results, so preventive systematic sprays are necessary (Viennot-Bourgin, 1978) .
Also the soil pathogens ( Fusarium oxysporum F. pv. gladioli, Phytophthora, Curvularia, Stromatinia, and Botrytis) are serious problems; they provoke corm rot (Pitta et al., 1990) .
The viruses are not widely studied in gladiolus. Among the insects, the biggest problem is thrips, but the species is still not identified in Brazil. Thrips are controlled only chemically in cultivation. Considering the world trends of reduction of the use of chemical pesticides, the control of these problems will be more complex in the near future.
Some techniques can be useful to diminish the complication of these problems, like the identification of genetic resistance and its introduction in the commercial cultivars by sexual crosses or by biotechnological means. Other possibility is the biological control of diseases and insects by natural predators or microorganisms which can stimulate the immunological system of the plant, although this kind of research with the ornamental species doesn't exist in Brazil.
BREEDING
The large gladiolus breeding work carried on in several countries of the world, is due to several reasons: easy cultivation and adaptation of the plant, abundant flowering, diversity of vegetative and floral patterns.
At the Instituto Agronômico, the first experiments with gladiolus were carried out on the Capão Bonito Experimental Station in the 1960's. A variety named 'Itapetininga' was selected. It was not commercially grown at that time. In the decade of 1970`s, this research was stopped, and restarted in 1986, initially at the São Roque Experimental Station and, later returned to the origin in Capão Bonito.
The Institute`s breeding program aims to identify superior genotypes among the progenies obtained from the crosses between different species and varieties. The number of characteristics to be combined in gladiolus is high. Among them there are the qualitative ones: high ornamental value of the inflorescence like color, size and format of flowers. These characteristics are very subjective, because they are linked to the concept of beauty and attractiveness. The quantitative ones are: large length of the inflorescence (normally the higher is the better), high number of flowers in the inflorescence (minimum 16 flowers), harvest of the spikes still with the flowers unopened, multiflowered types for gardens and scented cultivars.
Goals of the breeding are to select varieties with agronomic characteristics of productivity and adaptability superior to the existing varieties, especially for resistance or tolerance to the rust (Uromyces transversalis). In 1980, the Instituto Biológico of São Paulo identified a type of naturalized Gladiolus aff. dalenii tolerant to the Uromyces transversalis, which made possible to make controlled crosses aiming to transfer the genes of resistance to plants of agronomic value (Hennen et al., 1982; Pitta et al., 1981) .
aff. is the latin word affinis, which is applied to a species when it apparently seems to be a certain known species, but the real name has to be verified by a specialist.
An other aspect of the breeding is to collect wild species and old cultivated varieties and to use new exotic species to create new products. Considering the large morphological and physiological d iversity of the botanical genus, there is a possibility of creation of new forms of flowers and plants of distinct characteristics from the current cultivars in cultivation. Intercrosses among the several species are very interesting, but the resultant plants may have different physiological characteristics from the modern cultivars. This fact may imply in an adaptation of cultivation practices.
Modern cultivars are the result of complex crosses (Bailey & Bailey, 1976.) . They are heterozygous and tetraploids (sometimes, polyploids) and the knowledge of the transmission of numerous characteristics practically doesn't exist. The early flowering, the plant and the spike height, the number of flowers by spike is highly heritable. Qualitative characteristics as the ornamental value of the inflorescence, among others, have low inheritance. The number of favorable characteristics to be combined is high and 223 only one defect is enough for the plant to be rejected. The success on the breeding is highly dependent of the number of progeny plants obtained to be observed and selected.
FACTORS OF SELECTION
The breeding starts by the identification of the better genotypes present in the progeny populations.
In relation to the corms, selection focuses on plants which have characteristics such as high propagation, high rate of germination of the cormlets, vigorous corms which grow under several conditions of soil and climate and resistance to disease. The flowers may show high ornamental and commercial qualities, resistance to the great variation of temperature and luminosity, flowers easy to manipulate, pack, store and capacity to flower after 2-3 days of dry storage.
Some characteristics, such as rate of propagation and ability to flower out of the season, are difficult to evaluate; they only can be evaluated after several cycles of development.
Due to the high interaction genotype-environment, plurilocal and pluriannual experiments are required, specially if the plants grow under different conditions from those of the area of the selection. Corms employed in the experiments need to be grown and stored under the same conditions. In fact, an efficient breeding program is based on a good knowledge of physiology of the plant so as to determine the experimental conditions required.
COLLECTION AND CONSERVATION OF POLLEN
Sometimes it is not possible to make the controlled crosses just using fresh flowers, the species or varieties can have a different season of flowering. In this case, the storage of pollen is needed. The success with this technique depends on techniques to keep the pollen viable. Just after the anther opening, with the help of tweezers, anthers are detached from the filaments and put in Petri dishes correctly identified. The anthers are put to dry for maximum 2 4 hours in a dissector containing silica gel. After this period they are transferred to gelatin capsules, which are stored in a hermetic flask containing also silica gel and maintained at 5ºC. These conditions must be maintained during the work in the field.
SELECTIONS IAC
The Institute recently selected the first two gladiolus cultivars: 'Carmim' and 'Paranapanema' (IAC G -48). Both were selected among the plants from the original collection.
The variety `Paranapanema` is a vigorous, adaptable and tall plant (1,35-1,40 m tall, measured at the opening time of the last flower of the spike). Flowering time is semiearly, about of 85-90 days after the bulb planting, varying due to climatic conditions. Corms of size 10/12 sprout in about 25 days. The floral stems are heavy and thick (about of 8 mm wide). Flowers are of salmon color with light yellow throat. From the total of 15 buds produced on the spike, about 5 to 7 open at the same time. The rose cream color bulb is highly tolerant to soil fungi. The cultivation of corms of size 8 to 12 produces the same quantity of corms in the harvest. When corms of size over 12 are used, there is a production of 20-30% more corms in the harvest, and they are of a bigger size, 16 to 24.
`Carmim` shows also tall plants (1,20 m high), vigorous and adapable. The flowering time is extremely early, about of 70-75 days after the planting time, varying due to climatic conditions. Corms of size 10/12 sprout in about 20 days after planting. The flower stems are of medium thickness (6-6,5 mm) with about 12 blossoms. About 5-6 flowers open simultaneously. The petals are of a dark red coloration with small white spots and stripes in the throat. The corms, moderately tolerant to the soil fungi, are of ochre coloration with a wine blush. The corms of size 8 to 14 produce the same quantity of corms in the harvest, while larger corms of size over 14 produce 80% more in number of harvested corms, and they are of a major size, from 12 to 22. Practically, the bulb is
